Bromine-76-Metabromobenzylguanidine: A PET
Radiotracer for Mapping Sympathetic Nerves of

the Heart

Héric Valette, Christian Loc’h, Karine Mardon, Bernard Bendriem, Pascal Merlet, Chantal Fuseau,
Sana Sabry, David Raffel, Bernard Maziére and André Syrota

Service Hospitalier Frédéric Joliot, DRIPP-CEA, Orsay, France

lodine-123-metaiodobenzyiguanidine (MIBG) is used to qualita-
tively assess heart innervation with single-photon emission com-
puted tomography (SPECT). This approach is clinically useful in
the prognostic evaluation of congestive heart failure. To improve
quantification of uptake of the tracer using positron emission
tomography (PET), we studied the characteristics of the bro-
moanalog of MIBG. Bromine-76-metabromobenzyiguanidine
("°Br-MBBG) was prepared from a heteroisotopic exchange be-
tween radioactive bromine atoms (noncarrier-added ("°Br)
BrNH,) and the cold iodine atoms of the precursor metaiodo-
benzylguanidine. Biodistribution was studied in rats and PET
cardiac imaging performed in dogs. Myocardial uptake was high
and prolonged in both species (mean half-life in dogs: 580 min).
In rats, myocardial uptake was inhibited by desipramine by 64%,
whereas after pretreatment with 6-hydroxydopamine uptake
was reduced by 84%. In dogs pretreated with 6-hydroxydopam-
ine or with desipramine, a steep washout of the tracer occurred
(mean half-life: 136 min and 118 min, respectively). The non-
specific uptake plus the passive neuronal diffusion of the tracer
could be estimated at about 25%-30% of the total fixation. In
dogs, analysis of unchanged 76Br-MBBG in plasma showed that
radiotracer metabolism was slow: 60 min after injection, 80% of
the radioactivity was related to unchanged 7Br-MBBG. These
preliminary findings suggest that 7°Br-MBBG could be used to
quantitatively assess adrenergic innervation in heart disease
using PET. When combined with use of ''C-CGP 12177, car-
diac adrenergic neurotransmission can be assessed.
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T:le assessment of cardiac sympathetic neuronal func-
tion in vivo requires complex, invasive procedures based
on the analysis of norepinephrine (NE) kinetics. The
guanethidine analog metaiodobenzylguanidine (MIBG) la-
beled with *'T or [ is used for the scintigraphic diagnosis
and treatment of pheochromocytomas and neuroblastomas
(I-3). MIBG shares cellular transport and storage mecha-
nisms with NE. Both MIBG and NE enter the neuronal
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cells through the same uptake-1 system, i.e., the amine
pump (4), are stored into chromaffin granules (5-7) and
secreted in response to acetylcholine (8). Both MIBG and
NE also enter myocytes (uptake-2) and MIBG also enters
the neuron through a passive pathway. MIBG is not a
substrate for catechol-O-methyl transferase or for mono-
amine oxydase. These characteristics of MIBG have been
defined by pharmacological studies (8). The compound
also has been used to study sympathetic innervation of the
heart in animals and humans (9-13). This approach is
clinically useful in patients with congestive heart failure
(14). However, single-photon emission tomography
(SPECT) imaging only allows semiquantitative studies of
cardiac innervation. To overcome problems such as atten-
uation correction, quantification and spatial resolution, ex-
tending the diagnostic applications of MIBG to PET cardi-
ology, we studied the "°Br-labeled analog of MIBG ("Br-
MBBG). The present experiments were undertaken to
evaluate the ability of MBBG to assess cardiac adrenergic
innervation function. The pharmacological characteristics
of Br-MBBG (in vitro studies in rats) were compared to
those of '?I-MIBG and *H-NE. PET cardiac imaging was
performed in dogs for in vivo evaluation of the tracer.

MATERIALS AND METHODS

Synthesis of 7°Br-MBBG

Ammonium ("*Br) bromide was produced by irradiation of
natural arsenic (1.8 g) with a beam of 30 MeV (*He) ions. After a
15-hr delay to eliminate "Br (half-life: 1.6 hr), the target was
dissolved in 40 ml of sulfuric acid (180°C). After being cooled at
50°C and oxydated with chromic acid (4.2 g, 12 ml water), the
radioactive bromine was taken out with a nitrogen stream and
trapped as bromide in 2 ml of ammonia (1 mol/liter) that was later
taken to dryness. Ammonium ("Br) bromide was then dissolved
in 200 ul of water.

Using a Cu* assisted substitution reaction (15, 16), "*Br-MBBG
was prepared from the iodinated analog MIBG. Briefly, a heter-
oisotopic exchange between the radioactive bromine atoms (no-
carrier-added ("*Br) BrNH,) and the cold iodine atoms of the
precursor (3 umol) was performed at 165°C for 40 min in a sealed
vial in the presence of Cu(II) and an excess of reducing agents
(gentisic acid, ascorbic acid, citric acid). The reaction mixture was
then poured on a C-18 cartridge (SePak, Waters, Milford, MA),
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TABLE 1
Biodistribution of 7°Br-MBBG in Rats

2hr 4 hr DMI 6-OHD
(n=16) (n=26) (n=26) (n = 6)
Heart 1.39 £ 0.12 1.07 £ 0.13 0.5 +0.02 0.17 £ 0.02
(—64% + 3%) (—84% =+ 4%)
Right ventricle 0.76 + 0.06 0.57 = 0.1 0.23 + 0.01 0.09 + 0.01
Left ventricle 0.63 + 0.06 0.65 + 0.05 0.17 + 0.01 0.077 = 0.01
Lungs 0.19 =+ 0.03 0.13 = 0.01 0.07 = 0.01 0.16 + 0.02
Liver 0.13 =+ 0.01 0.09 + 0.02 — —
Spieen 0.065 + 0.01 0.19 + 0.04 — —
Kidney 0.065 + 0.01 0.05 + 0.01 0.05 + 0.01 0.06 + 0.005
Muscle 0.12 + 0.02 0.09 + 0.02 0.07 + 0.01 0.33 + 0.09
Adrenal glands 0.38 + 0.03 0.29 + 0.03 0.23 + 0.01 0.26 + 0.02
Blood 0.020 + 0.004 0.020 + 0.002 0.070 + 0.008 0.02 + 0.001

Rats were killed 2 hr and 4 hr after injection of 7°Br-MBBG.

DMI was administered 2 hr before injection of 7°Br-MBBG and rats killed 4 hr later.

Values are expressed as mean + s.d. of the %kg dose/g.
DMI = desipramine; 6-OH D = 6-hydroxydopamine.

allowing a separation of metahalogenobenzylguanidine deriva-
tives from byproducts by means of specific elutions with mixtures
of water and methanol (polar byproducts were eluted with water).
Bromide-76-MBBG was separated from the iodo precursor by
high-pressure liquid chromatography (HPLC) on a reverse-phase
semipreparative column (C-18 u-Bondapak, Waters, Milford,
MA) and a 0.01 molefliter NaH,PO,-CH,CN (85-15) mobile
phase. After evaporation of the HPLC eluate, the labeled com-
pound was dissolved in saline and filtered on a 0.22-um Millipore
membrane (Millipore, Bedford, MA).

Blodistribution in Rats

Four different series of adult male Wistar rats (weight: 150-200
g) were injected with 0.6 MBq (0.03 nmole) of Br-MBBG in the
tail vein. Two series of six animals were used as controls (killed 2
or 4 hr after injection of the tracer). A third series (n = 6) was
intraperitoneally preloaded with 10 mg/kg of desipramine (17) 2 hr
before injection of *Br-MBBG. A fourth series (n = 6) was
pretreated intraperitoneally with 6 hydroxydopamine (100 mg/kg
twice a day on two consecutive days) 5 days before the tracer
injection (18). Tissues of different organs (heart, lung, liver, kid-
ney, adrenal glands, spleen, muscle) were rapidly removed, blot-
ted, weighted and their radioactivity measured using a gamma
well-counter. The 7Br-MBBG tissue concentrations were ex-
pressed as %kg dose/g.

The same experiments were performed using '>I-MIBG (0.6
MB, specific activity: 9 MBg/mg, CIS-Bio International, Saclay,
France) and *H-NE (0.6 MBq, specific activity: 1200 MBg/mole,
Amersham France, Les Ulis). The purity of !2I-MIBG was con-
trolled by TLC (Merck, Darmstadt, Germany) before each exper-
iment. Rats were killed 4 hr after injection of '*I-MIBG or 10 min
after injection of *H-NE.

PET Study in Dogs

Experimental Protocols. Ten female beagle dogs (mean weight:
12 kg) were anesthetized with pentobarbital, intubated and artifi-
cially respired. PET scans and arterial blood samples (femoral
catheter) were obtained at intervals up to 4 hr after injection of
20-30 MBq (1-2 nmole) of "Br-MBBG. In two control dogs,
tyramine (500 ug) was intravenously injected at the end of this first
acquisition (195 min), and the acquisition of a second series of
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images (three 5-min scans, two 10-min scans) was started simul-
taneously. In two other control dogs, the tyramine infusion (15
ug/kg/min) began 130 min after the “Br-MBBG injection and was
continued for the next 2 hr (19). Blood samples were taken for the
measurement of unchanged "*Br-MBBG in plasma.

Two dogs were intravenously denervated with 6-hydroxy-
dopamine (50 mg/kg; (20)) 1 wk before the PET imaging. Two
dogs were intraperitoneally pretreated with desipramine (10 mg/
kg) 2 hr before PET imaging (11).

Data Acquisition and Processing. Myocardial PET images of
radiotracer distribution in dogs (Fig. 1) were obtained using a
human brain scanner (model CTI 953B/31; CTI PET Systems,
Knoxville, TN) also suitable for cardiac imaging of small animals
(21,22). This scanner allows simultaneous acquisition of 31 slices
(3.37 mm apart) with an intrinsic spatial resolution of about 6 mm
(FWHM). The recovery coefficient measured in phantom, includ-
ing the effect of scattered radiation, is 0.67 for a 13-mm sphere (23)
with a Hanning filter (frequency cutoff of 0.5 cycle/pixel). Recon-
structed images had a resolution of 8.5 mm. Transmission scans
were acquired for 15 min using three retractable %Ge rod sources.

FIGURE 1.

PET images of the canine heart. The panel shows
the distribution of 7°Br-MBBG in six contiguous slices of the left
ventricle of a normal dog 1 hr after injection of 7°Br-MBBG.
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TABLE 2
Effect of Desipramine and 6-OH Dopamine on 7Br-MBBG, *H-NE and '®|-MIBG Heart Uptake

Control DMI 6-OHD

Heart uptake (n=6) (n=86) (n=6)
3H-NE 0.98 = 0.05 0.065 + 0.013 0.2 +0.02
(—93% + 3%) (—80% =+ 3%)
76Br-MBBG 1.07 = 0.13 0.5 + 0.02 0.17 +£ 0.02
(—64% =+ 3%) (—84% =+ 4%)
123.MIBG 0.35 +0.03 0.2 +0.02 0.21 +£0.02
(—42% =+ 4%) (—40% =+ 2%)

Rats were killed 10 min after injection of *H-NE or 4 hr after injection of '2|-MIBG or of 7°Br-MBBG.

DMI = desipramine; 6-OH D = 6-hydroxydopamine.
Values are expressed as mean =+ s.d. of the %kg dose/g.

In four control dogs, imaging protocol was the following:
twelve 10-sec scans, ten 1-min scans, ten 2-min scans, five 10-min
scans and eight 20-min scans for a total data-acquisition time of
242 min. In six other dogs, the imaging protocol was three 5-min
scans, two 10-min scans and eight 20-min scans for a total data-
acquisition time of 195 min. The PET data were reconstructed
using filtered backprojection and a Hanning filter with a cutoff
frequency of 0.5 cycle per pixel. Global “Br-MBBG kinetics were
determined by placing regions of interest (ROIs) over the left
ventricular myocardium (usually a 70% isocontour) and the lungs.

Plasma Metabolite Study

The determination of unchanged "*Br-MBBG in plasma (dogs)
was performed by thin-layer chromatography (TLC) analysis.
Plasma samples (0.2 ml) were deproteinized with methanol (2 ml)
and centrifugated (1000 g). The supernatants were concentrated
by evaporation, dissolved in 20 ul acetonitrile and the residues
analyzed by TLC on '8C plates (R, of MBBG = 0.28; RP-'*F,,S,
Merck, Darmstadt, Germany). After the migration, the distribu-
tion of the radioactivity on the plates was measured by a radio-
chromatogram analyzer (Berthold, Wildbad, Germany). The frac-
tion of the unchanged radiotracer was then calculated as the ratio
of the radioactive spot coinciding with Br-MBBG to the total
radioactivity of the strip.

RESULTS

Radiochemical Purity

The radiochemical yield and radiochemical purity were
respectively 65% and > 98%. The specific activity, deter-
mined at the end of the preparation, was 10-20 MBq/
nmole. Any presence of arsenic was checked (24) and
found to be less than 6 ng.

Blodistribution and Pharmacological Interventions in
Rats

The tissue concentrations of "*Br-MBBG in rats are
given in Table 1. The heart had the highest and most
prolonged uptake; heart-to-lung ratio was eight 4 hr after
injection of the tracer. The decrease of *Br-MBBG uptake
after pretreatment with 6-OH dopamine was 84% * 4%,
while after pretreatment with desipramine it was 64% + 3%
(Table 2). After pretreatment with desipramine, reductions
in myocardial uptake of *I-MIBG and of *H-NE were
42% * 4% and 93% + 3%, respectively (Table 2). In rats
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pretreated with 6-OH dopamine, reductions in '*I-MIBG
and *H-NE cardiac uptake were 40% * 2% and 80% =+ 3%,

respectively (Table 2).

PET Studies .

No change occurred in vital signs at any time during the
study (except changes in heart rate and blood pressure
during tyramine infusion). The average counts in the four
heart slices in the two control dogs was: 98,500 + 14,190
for the three 300-sec images, 185,440 + 25,100 for the two
600-sec images and 278,060 = 63,000 for the eight 1200-sec
images (values are normalized for 37 MBq).

Myocardial uptake was high and prolonged (Fig. 2),
whereas blood clearance was rapid (Fig. 3). The time
course of the myocardium-to-lung ratio remains high
(about 4-5) from the first 5 min and stable until the end of
the experiment (Fig. 4). The 7*Br-MBBG slowly washed
out (mean half-life = 580 + 40 min; n = 4) from the
myocardium.

Effects of Pharmacological Interventions. After injec-
tion of tyramine, the half-lives were 77 min (—-85%) and 99
min (—81%) for the short (500 ug over 15 min; Fig. 5) and
long infusions (15 ug/kg/min over 2 hr; Fig. 1) respectively.
Reductions in 7*Br-MBBG heart content following injec-
tions of tyramine were 38% and 60%, respectively. In dogs
pretreated with desipramine or with 6-OH dopamine, a
steep washout of the tracer (half-life = 118 min, —77% and

half-life = 136 min, —74%, respectively) was observed
(Fig. 1).
Plasma Metabolite Study

For the measurement of unchanged "Br-MBBG in
plasma, 91% of the radioactivity was recovered using pro-
tein elimination in methanol. In dogs, the metabolism of
the radiotracer was slow: 87% and 80% of the radioactivity
were related to unchanged "*Br-MBBG respectively 30 min
and 60 min after injection.

DISCUSSION

The present study shows that Br-MBBG can be used
as a reliable index of neuronal NE uptake and storage in
the heart with PET.
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FIGURE 2. The figure shows the myocardial kinetics of 7°Br-
MBBG in control dogs, in control dogs with tyramine long infusion

and in dogs pretreated with 6-hydroxydopamine. Each curve is the
mean value of two experiments. Values are normalized for 1 mCi
and for 10 kg. The calculated mean halfife was 530 + 45 min in
control dogs.

In vitro Evaluation of Tracer Using Pharmacological
Intervention

The data show that pharmacological treatment with de-
sipramine, a drug known to alter the uptake-1 function of
adrenergic nerves, significantly reduced the myocardial
concentration of °Br-MBBG. This reduction appeared to
be greater than that of '*I-MIBG but less than that of
3H-NE. The results with '*I-MIBG or *H-NE are in ac-
cordance with previously published values reporting a 50%
decrease in 'PI-MIBG uptake and a 94% decrease in
3H-NE uptake (11). Reduction of *Br-MBBG uptake after
6-OH dopamine, a compound which selectively destroys
sympathetic nerves endings, was similar to that of *H-NE,
but significantly greater (11) than that observed with 'ZI-
MIBG or '2I-MIBG (69%). These data suggest that the
neuronal uptake of MBBG is less dependent on the passive
diffusion uptake than that of MIBG. This may be due to the
higher lipophilicity of the metaiodophenyl moiety com-
pared with that of the metabromophenyl moiety. There-
fore, despite the similarity of MIBG and MBBG, the
present findings indicate that *Br-MBBG uptake is a better
index of the cardiac uptake-1 function than MIBG. But the
reduction in myocardial uptake of MBBG after desipra-
mine or 6-OH dopamine is less important than that ob-
served in rats with metaraminol derivatives such as 6-(**F)-
fluorometaraminol (17,25) or !'C-hydroxyephedrine (26).
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FIGURE 3. Myocardial and blood time activity curves in two
control dogs. A plateau is rapidly observed in the myocardium while
there is a rapid clearance from blood.

PET Evaluation of the Tracer

The data show that "*Br-MBBG has prolonged cardiac
retention and provides high quality images. This is an ad-
vantage for cardiac PET studies of neuronal NE uptake
function. Similar findings were observed using ''C-hydrox-
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FIGURE 4. The heart-to-ung ratio is stable from 5 min after
injection to the end of the experiment.
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FIGURE 5. Effect of tyramine short infusion (500 ..g) on MBBG
myocardial content.

yephedrine (26) or 6-(**F)fluoronorepinephrine (27). Im-
ages following the injection of the tracer are likely to be
mainly flow-dependent since the initial uptake appears sim-
ilar in control dogs and in 6-hydroxydopamine or desipra-
mine pretreated dogs. Moreover, this indicates that there is
significant nonspecific uptake within the first 2 hr after
tracer injection in dogs. In vitro pharmacological experi-
ments demonstrated that the proportion of nonspecific up-
take of *Br-MBBG ranged between 25% and 30% in rats.
This nonspecific uptake may represent the amount of ex-
traneuronal uptake plus passive neuronal uptake. This
value is higher than that observed with !8F-fluor-
ometaraminol or 'C-hydroxyephedrine (10%), which sug-
gests that metaraminol derivatives could be better indices
of uptake-1 than norepinephrine itself (28). This value,
observed in rats and dogs, does not preclude the use of
76Br-MBBG in clinical studies, because the non-neuronal
uptake mechanism does not appear to be significant in the
human heart (29). In dogs, the amount of unmetabolized
"*Br-MBBG was similar (85%-75%) to that of ''C hydrox-
yephedrine (26). For heart imaging in humans, radiation
doses to the whole body have been estimated (30): i.e., from
20 mCi of 'C-hydroxyephedrine = 0.186 rad; from 5 mCi of
IBL.MIBG = 0.27 rad; and from 0.5 mCi of 1*'I-MIBG = 0.45
rad. The amount of "*Br-MBBG can be estimated as 1 mCi;
the corresponding radiation dose is 0.5 rad.

CONCLUSION

Bromine-76 is not a practical radionuclide because it
cannot be obtained from all the cyclotrons. Its long half-life
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(16.2 hr) augments radiation exposure and restricts the
administration dose. But, synthesis of ’*Br-MBBG is rela-
tively simple. The specific activity at the end of the prep-
aration is high. In spite of similarities between '“I-MIBG
and "Br-MBBG, the pharmacological data suggest that
75Br-MBBG uptake is a better index of cardiac uptake-1
function than MIBG. The prolonged cardiac retention and
long half-life of 7Br provide an opportunity for evaluating
the effects of pharmacological interventions on neuronal
reuptake and release of the compound, at least for basic
experiments. In humans, PET cardiac imaging of adrener-
gic neurotransmission pathways can be studied within one
day: i.e. beta-adrenerglc receptor density can be obtained
early in the morning with "'C-OGP 12177, and after the
decay of !'C, presynaptic sympathetic innervation can be
assessed with "*Br-MBBG.
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